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ABSTRACT. Boltonia decurrens (Asteraceae), a plant species endemic to
the Ilhinois River Valley. 1s threatened with extinction. Alterations of the
hydrologic regime of the river have resulted min habitat loss and population
decline. Lack of mmformaton about the complex life cycle of this species
frustrates efforts to develop an effective recovery plan. An essential part of
any recovery plan 1s an understanding of seed germination, seedling recruit-
ment, and ecarly growth, and how cach contributes to the maintenance of a
population. In B. decurrens, the dimorphic achenes have different masses and
may provide different dispersal mechanisms. This study examined the effect
of achene morphology and mass on seed germination and early seedling
orowth of B. decurrens under controlled environmental conditions. There was
no difference 1in ttiming of germination of disk and ray achenes in B. decur-
rens; however, there was a distunct difference in carly growth ol seedlings
derived from disk versus ray achenes and from larger ray achenes compared
to smaller ones. Disk achenes, which produced seedlings with more leal arca
during the first 10—15 days, may provide a competitive advantage over those

produced by ray achenes. Since leal areca and photosynthetic rates are closely
correlated. secedhings with more leat arca early 1n their development may also
be more competitive with seedlings of other species.
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Boltonia decurrens (‘Torr. & A. Gray) A. Wood (Asteraceae) 18
an herbaceous perennial whose distribution 1s restricted to the
[llinots River floodplain (Torrey and Gray [841; U.S. Fish and
Wildlite Service 1990). The species 18 on the Federal List of
threatened species (U.S. Fish and Wildlite Service 1988). and 1s
currently histed as a Species of Concern in Missour:t (Missours
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Department of Conservation 1999) and as Threatened in Illinois
(Herkert 1991). Inflorescences are borne on panicles and produce
prolific numbers of dimorphic achenes (Smith and Keevin 1998).
Additionally, vegetative ramets that overwinter and reproduce
sexually the following year are produced at the base of the se-
nescing flowering plants each fall (Redmond 1993: Smith 1991
Smith et al. 1998). Despite these reproductive strategies., the con-
struction of levees and navigation dams along the Illinois River
have resulted 1n habitat loss and a decline in population size and
number (Schwegman and Nyboer 1985: Smith et al. 1998; U.S.
Fish and Wildlife Service 1990).

Dissimilarities in seed morphology within plant taxa may con-
tribute to different dispersal and germination patterns as well as
different erowth and fitness of the resulting plants (Banovetz and
Scheiner 1992; Zhang 1993). Disk flowers ot Boltonia decurrens
produce flattened, heart-shaped achenes that are characterized by
a pappus of two bristles. Disk achenes average 1.8 mm 1n length
and 1.3 mm in width with an average mass of 0.1 mg (Smith and
Keevin 1998). Achenes produced from ray flowers are smaller
and wedge-shaped, possessing a distinct third side, and they have
oreatly reduced bristles. Ray achenes average 1.3 mm 1n length
and 0.9 mm in width, and they average 0.05 mg 1n mass (Smith
and Keevin 1998). The increased surface area/mass ratio of the
disk achenes provides greater buoyancy and allows them to tloat
for extended periods of time (> 30 days: Smith and Keevin
1908), and this may facilitate the establishment of remote popu-
lations after flood waters recede. The wedge-shaped ray achenes
do not float and may contribute to the maintenance of the species
at or near an extant population (Smith and Keevin 1998:; Smith
et al. 1998).

Germination and early seedling development are the most crit-
ical stages in the life cycle of a plant (Harper et al. 1970), and
any variation in achene morphology or mass that could affect
cermination or early growth could also influence the establish-
ment of new populations or the maintenance ot extant popula-
tions. Although germination studies have been conducted on Bol-
tonia decurrens (Baskin and Baskin 1988; Smith and Keevin
1998: Smith et al. 1995), little 1s known of germination patterns
or seedling growth specific to achene morphology or mass. The
present study examines the effect of achene morphology and mass
on germination and early seedling growth.
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MATERIALS AND METHODS

Achenes were collected from West Alton, St. Charles County,
Missouri (lat. 38°52"06"N, long. 90”12'22"W) and maintained at
5°C for two years before the initiation of this study. Size classes
of each achene morphology were differentiated by sorting
through a series of screens with mesh sizes of 0.841 mm, 0.595
mm, and 0.420 mm. followed by manual segregation of each
morphological type using a stereoscope. The largest size class (>
0.841 mm) contained predominantly disk achenes (D1): the
smallest (> 0.420 mm but < 0.595 mm) contained mature ray
achenes (R3) and a very small proportion of immature or non-
viable disk achenes (lacking a visible embryo). Both mature disk
and ray achenes (D2 and R2) were represented 1n the intermediate
size class (= 0.595 mm but < 0.841 mm). Seeds with evidence
of herbivory, or apparently nonviable (no visible embryo), were
discarded. Otherwise, seeds were selected randomly to minimize
possible sampling bias. Each of the ten replicates consisted of 25
disk and 25 ray achenes 1in each of two size classes, for a total
of 1000 achenes. Dry mass was recorded for each sample of 25
seeds, and a mass:size correlation was calculated.

Since the achenes require hight for germimnation (Baskin and
Baskin 1988: Smith and Keevin 1998), they were germinated 1n
|0 ¢cm square pots on the surface of a commercial, peat-based
orowing medium 1n a Sherer CEL-25 7HL environmental cham-
ber at 20°C and 200 pmol m - s ' PPF (photosynthetic photon
flux). which was measured using an LI-185B quantum meter and
[LI-190SB quantum sensor (LI-COR, Lincoln, NE). Germination
was determined by radicle emergence, recorded daily, and seed-
lings were 1dentified with a color-coded pin. Length and width
measures of the cotyledons were taken after five days of growth.
Measures were obtained for both cotyledons and true leaves at
10 and 15 days. Cotyledons and primary leaves are not lobed, do
not have serrated edges, and are approximately rectangular; there-
fore, leat area was calculated using the algorithm for area of a
rectangle (L X W). After 15 days the seedlings were transterred
to a greenhouse, where they were nitially placed under 50%
shade cloth to minimize photodamage and were exposed to higher
ambient light levels over a two-week period. Light levels were
measured i1n the greenhouse at 12 noon daily during the study
(June and July) and averaged 1500 = 350 wmol m - s~ ! PPE Pots
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were watered daily and rotated to minimize environmental vari-
ation due to position. Scedling height was measured at 30 days
and at 60 days. Because Boltonia decurrens 1s endangered, plants
were not harvested for biomass measurements, but were trans-
planted into the population from which the seeds had been col-
lected.

All analyses were performed using SYSTAT 5.2 (SPSS, Chi-
cago, Illinois). The achene size class and mass relationship was
determined using linear regression, and germination and seedling
survival data were analyzed using a chi square statistic ol a con-
tingency table (Steel and Torrie 1980). For the x- analyses of
cermination and survival, data from replicates were pooled within
each achene class.

The unequally represented size classes, which resulted from
differences 1n the numbers of seeds that germinated within each
achene class, produced a non-orthogonal design that would affect
the relationship of the other classes 1n calculating the F-ratio
(Steel and Torrie 1980): theretore., we used Multivariable General
Linear Hypothesis (MGLH: type III sum of squares) for all anal-
yses of vartance (ANOVASs) of leal arca and height. Log trans-
formation was used to normalize leat area and height data (Steel
and Torrie 1980). Linear contrast analyses were used for pairwise
comparisons of seedling leat area and seedling height for each
size class and morphology combination 1n accordance with Steel
and Torrie (1980).

RESULTS

Germination of achenes and seedling survival. There was
no signihicant difference 1n germination among disk and ray
achenes of any class (x- = 2.751; P = 0.432; df = 3; Figure 1).
Of the 1000 seeds used 1n this experiment, 667 germinated: 339
disk achenes and 328 ray achenes. Although there was no statis-
tical difference 1n survival among achene classes (y- = 2.570; P
= 0.497; df = 3), there was a trend for a decrease 1n survival
with a decrease 1in achene size (Figure [). Disk and ray achenes
of all classes demonstrated the same germination pattern (Figure
2): germination peaked on day 4, with no germination occurring
before day 3 or after day 11. There was a positive linear rela-
ttonship (- = 0.8165; P < 0.05; df = 3) between achene size
(arca) and mass (1.e., the larger the achene. the greater the mass).
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Figure 1. Percent germination and percent seedling survival for achenes

from all size classes. D1 = disk achene size class 1 (= 0.841 mm). D2 =
disk achene size class 2 (= 0.420 mm, but < 0.841 mm). R2 = ray achene
size class 2 (> 0.420 mm, but < 0.841 mm). R3 = ray achene size class 3
(< 0.420 mm).

Seedling growth. One-way analysis of variance (ANOVA)
of leat area measurements taken after 10 days of growth indicated
a statistical significance (Table 1). Linear contrast analysis com-
paring leaf areas of seedlings from both seed types in all size
classes indicated statistical significance when contrasting all disk
achenes versus all ray achenes (Table 2; Figure 3), the two size
classes of ray achenes (R2 and R3), and the largest size class
(D1) versus the smallest class (R3: Table 2: Figure 4).

Similarly, ANOVA of 15-day measurements showed statistical
difference (Table 1), and linear contrast analysis exhibited statis-
tical significance 1n comparing all disk achenes versus all ray
achenes (Table 2; Figure 3). Additionally, at 15 days, the larger
class of disk achenes (D1) proved to have significantly greater
leat area when compared with all other size classes (Table 2:
Figure 4). No statistical significance was found by ANOVA of
plant height measurements taken after 30 days or after 60 days
of growth: furthermore, linear contrast analysis revealed no sta-
tistically significant differences in any size class or morphology
comparison at 30-day or 60-day measurements. There 1s, how-
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Ficure 2. Number of achenes of Bolronia decurrens germinating at 22°C
and 200 wmol m = s~' PPF over a 12-day period. D1 = disk achene size
class 1 (= 0.841 mm). D2 = disk achene size class 2 (> 0.420 mm, but <
0.841 mm). R2 = ray achene size class 2 (> 0.420 mm, but < 0.841 mm).
R3 = ray achene size class 3 (< 0.420 mm).

Table 1. Results of the one-way ANOVAS for seedling leat area at 10)
and 15 days, and scedling height at 30 and 60 days among all tour achence

classes.
Source SSE (t MSE I P

|0 days Type .923 3 .64 1 4.498 ().004
Error 28.9517 200 G 143

|5 days Type | .499 3 ().500 4.42(0) ().005
Frror 16.501 | 46 ().113

30 days lype (.313 3 ().104 | 358 L. 235
Frror 19.273 257 ().077

60 days Type 0.196 3 0.128 [.233 ().29]
Frror 25.709 2% 0O.102
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Table 2. Lincar contrast analyses for seedling leaf area and seedling height. DI = disk achene size class 1 (> 0.841 mm).
D2 = disk achene size class 2 (> 0.420 mm. < 0.841 mm). R2 = ray achene size class 2 (> 0.420 mm. < 0.841 mm). R3 = ray
achene size class 3 (< 0.420 mm).

Disk vs. Ray D1 vs. D2 DI vs. R2 11 w5, RS D2 vs. R2 D2 vs. R3 RZ2 V8, R3
Contrasts o ' = F § P I P » P t P t P
10 days 5461 0.004 0.067 0.796 1.308 0.254 10.842 0.001 0.768 0382 9.079 0.003 4.689 0.038
|5 days 48370 0.029 7.684 0.006 6618 0.011 L1943 G001 U39 0845 0301 (0584 (0.559 0456
30 days 22T X133 LA OLEsS 3.023 083 2.821 0094 0.174 0.677 0.194 0.660 0.002 0.96]
60 days 1.O10  0.168 Loy Wl79 2400 D123 2s87 U091  0.045 0833 0197 0658 0060 D807
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Figeure 3. Mean leal arca (£ SE) produced by disk and ray achenes,
regardless of size class, after 10 and 15 days ol growth. Bars with different
letters are significantly different between achene types (see Table 2 for P
values).

ever, an indication that height in the plants produced from the
smallest size class, R3, began to lag behind the others in growth
at 60 days (Figure 5).

DISCUSSION

Our results suggest that seed morphology influences seedling
establishment during the ecarly stages ol development: however.
any differential competitive advantage due to achene type or mass
1s less obvious after 10—15 days of growth. Grime (2001) pro-
posed that differences in seed morphology may influence seedling
establishment and growth, and our results with Boltonia decur-
rens appear to corroborate his findings. Total leat area after 10—
|5 days of growth differed significantly between disk and ray
achenes. Additionally, comparison of 10-day growth was signit-
icant by size class (1.e., larger achenes produced seedlings with
oreater leat area). Since the photosynthetic arca of the cotyledon.
rather than its mass or stored energy, 1s the primary consideration
in ecarly seedling development (Harper et al. 1970), achenes pro-
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Figure 4. Mean leat area (= SE) in each achene class after 10 and 15

days of growth. D1 = disk achene size class I (> 0.841 mm). D2 = disk
achene size class 2 (> 0.420 mm, but < 0.841 mm). R2 = ray achene size
class 2 (> 0.420 mm, but < 0.841 mm). R3 = ray achene size class 3 (<

0.420 mm). Bars with different letters are significantly different for cach
comparison between achene classes (see Table 2 for P values).

ducing small cotyledons would have relatively less potential for
growth than those possessing large cotyledons. After 15 days of
growth, the advantage of greater cotyledon area 1s reinforced by
the greater total leat area (cotyledons plus true leaves).

Boltonia decurrens requires light for germination (Baskin and
Baskin 1988; Smith and Keevin 1998) and high light for growth
and seed production (Smith et al. 1993), and seedlings have high
mortality when germinated under plant litter (Smith et al. 1995).
In natural populations, seedling establishment 1s extremely low
after one year of succession (< 0.01%:; Moss 1997; Smith et al.
1998), and B. decurrens 1s often completely replaced by com-
peting vegetation 3—5 years after population establishment
(Schwegman and Nyboer 1985: U.S. Fish and Wildlife Service
[990). It achene morphology or mass determines cotyledon and
leat size for the first 10—15 days, greater photosynthetic surface
area during this pertod may enable these seedlings to be more
competitive with rapidly growing seedlings of other species. Data
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Figure 5. Mean scedling height (= SE) in each achene class after 30 and
60 days of growth. DI = disk achene size class 1 (= 0.841 mm). D2 = disk
achene size class 2 (= 0.420 mm. but < 0.841 mm). R2 = ray achene size
class 2 (= 0.420 mm, but < 0.841 mm). R3 = ray achene size class 3 (<
0.420 mm).

from our study indicate that seedlings from disk achenes, regard-
less of size, would have the highest probability of surviving, and
that seedlings from larger ray achenes would fare better than
those from smaller ones.

Although there may have been height or mortality differences
among seed morphologies and sizes during the earliest stages of
orowth, at 30 and 60 days there were no statistically signihicant
differences 1n either. In the present study, the widely spaced dis-
tribution of seedlings across the soil surface minimized interac-
tions between individuals. Similar conditions do not exist in the
ficld, however, where thousands of seeds germinate simultancous-
ly. This 1s particularly so in the case of Bolitonia decurrens, be-
cause 1ts achenes and the seeds of other species are otten depos-
ited 1in densely packed rows by receding tfloodwaters (Smith and
Keevin 1998; Smith et al. 1995). In this environment, where re-
sources are Iimited and competition increases seedling mortahty,
a 10—15 day advantage provided by greater photosynthetic sur-
face area may be critical for seedling growth and survival.
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In other Asteraceae. Fenner (1983) found that performance of
seedlings 1n the period immediately after germination 1s critical
for establishment. Although Fenner's study was not designed to
be a competition experiment, or to represent a fhield situation.
some 1mportant inferences can be drawn from his data. Clearly,
chronological differences 1n seedling emergence afttect competi-
tive interactions among seedlings: those emerging earlier poten-
tially shade later-germinating seedlings and inhibit their growth.
That this effect 1s largely due to differential seedling size 1s sup-
ported by the results of Gross (1984), who found that within-
species differences 1n seed size had a significant effect on early
seedling growth and survival. Although both types of achenes of
Boltonia decurrens have similar temporal patterns of germination.
size differences due to achene morphology or mass produce the
same result—Iarger seedlings that are less hikely to be overtopped
by other seedlings. In B. decurrens, this i1s particularly important
due to its requirement for high light during all stages of growth.

A competitive advantage during carly seedling development
may be essential to the survival of Boltonia decurrens in 1ts cur-
rent habitat. The construction of a series of levees and navigation
dams on the Illinois River over the past 70 years has altered the
natural flood regime of the Illinois River Valley (Sparks 1995:
Sparks et al. 1998). Arcas that once provided the open moist
shorelines suitable for the establishment and regeneration ot pop-
ulations of B. decurrens are now seldom flooded, resulting 1n the
invasion of the sites by a number of aggressive species that are
less flood tolerant than B. decurrens (Schwegman and Nyboer
1985: Smith 1991: Smith et al. 1998). In these areas, individuals
of B. decurrens become smaller and produce tewer and smaller
achenes cach year following population establishment (Smith
1993). Seedling survival declines rapidly (Moss 1997) as the
number and density of aggressive competitors increase. Recent
work by Mettler et al. (2001) and Smith (unpubl. data) indicates
that the loss of an annual nutrient pulse 1 years without floods
may contribute to the decline of B. decurrens by reducing plant
size and achene number and mass.

Information provided in the current study indicates that a re-
duction 1n achene size would aftect seedling growth, and adds to
the accumulating evidence that alterations in the natural flood
regime in the Illinois River Valley are implicated 1in the decline
of Boltonia decurrens (Smith and Mettler 2002; Smith et al.
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1998), as has been reported for other native species (Sparks 1995;
Sparks et al. 1998). This information may help stimulate efforts
to restore connections between the river and the floodplain and
to re-establish native plant communities 1n the lllinois River Val-
ley.

ACKNOWLEDGMENTS. This project was supported by a grant
(National Science Foundation DEB95-09763) to M. Smith.

LITERATURE CITED

BANOVETZ, S. J. AND S. M. SCHEINER. 1992, The elfects of seed mass on the
seed ecology ol Coreopsis lanceolara. Amer. Midl. Naturahist 131: 65—
74.

BaskIN, C. C. AND J. M. BASKIN. 1988. Germination ecophysiology ot her-
baccous plant species in a temperate region. Amer. J. Bot. 75: 286—-305.

FENNER, M. 1983. Relationships between seced weight. ash content, and seed-
ling erowth n twenty-four species ol Compositae. New Phytol. 95: 694
7106.

GrivE, J. P 2001. Plant Strategies and Vegetation Processes, 2nd ed. John
Wiley and Sons, Ltd., Chichester. UK.

GRrROsSS, K. L. 1984, Effects of seed size and growth form on seedling estab-
lishment of six monocarpic perennial plants. J. Ecol. 72: 369-387.
HARPER, J. L., P. H. LovELL, AND K. G. MoOORE. 1970. The shapes and sizes

of seeds. Annual Rev. Ecol. Syst. 1: 327-356.

HeErRkERT, J. R, 1991, Endangered and Threatened Species ol llhinois: Status
and Distribution. Illinois Endangered Species Protection Board, Spring-
field; IL.

METTLER, P. A., M. SMITH, AND K. ViCTORY. 2001. The elfects of nutrient
pulsing on the threatened Hoodplain species. Boltonia decurrens. J. Plant
Ecol. 155: 89-96.

MISSOURI DEPARTMENT OF CONSERVATION. 1999, Missourt species ol conser-
vation concern checklhist. Jefferson City, MO.

Moss, J. K. 1997, Stage-based demography of Boltonia decurrens, a threat-
ened floodplain species. M.S. thesis, Southern Tlhinots Univ., Edwards-
ville, IL.

REDMOND, A. 1993, Population study ol Boltonia decurrens, a tederally
threatened plant species. M.S. thesis. Southern Ihimois Univ., Edwards-
ville, 1L

SCHWEGMAN, J. E. AND R. W. NYBOER. 1985. The taxonomic and population
status of Boltonia decurrens (‘Torrey and Gray) Wood. Castanea 50: 1 12—
1 15.

SMiTH, M. 1991, Life history research for the Decurrent talse aster. Report.
[Ilinois Dept. Conservation, Springheld, 11..

1993, Eftects of the Flood of 1993 on the Decurrent false aster

(Boltonia decurrens). U.S. Army Corps of Engineers, St. Louis, MO.

. I. BRANDT, AND J. STONE. 1995, Effect of soil texture and microto-




20021  Smith and Cawly—ZBoltonia decurrens Seedlings [ 3

pography on germination and seedling growth i Boltonia decurrens

(Asteracecae), a threatened floodplain species. Wetlands (Wilmington) 15:

392-396.

AND T. KEEVIN. 1998. Achene morphology, production and germi-

nation, and potential for water dispersal in Boltonia decurrens (Decurrent

false aster), a threatened floodplain species. Rhodora 100: 69-81.

: , P. METTLER-MCCLURE, AND R. BARKAU. 1998. Effect of the
flood of 1993 on Boltonia decurrens, a rare tfloodplain plant. Regul.
Rivers: Res. Mgmt. 14: 191-202.

AND P METTLER. 2002. The role of the flood pulse in maintaining

Boltonia decurrens, a tugitive plant species of the I[lhinois River flood-

plain: A case history ol a threatened species, pp. 109-144. In: B. A.

Middleton. ed.. Flood Pulsing and Wetlands: Restoring the Natural Hy-

drological Balance. John Wiley and Sons. Inc., New York.

. Y. Wu, AND O. GREEN. 1993, Eftect of lhight and water-stress on
photosynthesis and biomass production in Boltonia decurrens (Astera-
ceae). a threatened species. Amer. J. Bot. 80: 859-864.

SPARKS, R. E. 1995. Need for ecosystem management of large rivers and their
floodplains. BioScience 45: 168—182.

, J. C. NELSON, AND Y. YIN. 1998. Naturalization of the flood regime
in regulated rivers. BioScience 48: 706—720.

STEEL, R. G. D. anD J. H. TorrIE. 1980. Principles and Procedures of Sta-
tistics: A Biometrical Approach. McGraw-Hill, New York.

TORREY, J. AND A. GrAaY. 1841. The Flora of North America, Vol. 2. Wiley
and Putnam. New York.

U.S. Fist AND WILDLIFE SERVICE. 1988. Endangered and threatened wildhite
and plants, determination of threatened status ftor Boltonia decurrens
(Decurrent false aster). Fed. Reg. 53: 45858—-45861.

. 1990. Decurrent False Aster recovery plan. U.S. Fish and Wildhife
Service, Twin Cities. MN.

ZHANG, J. 1993. Seed dimorphism in relation to germination and growth of
Cakile edentula. Canad. J. Bot. 71: 1231-1235.




